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(54) Title: LINE ELECTRODE ORIENTED RELATIVE TO FIBER DIRECTION 

(57) Abstract 

An electrode terminal (12) is disclosed for 
delivering a stimulation pulse to me heart or 
other tissues containing a linear array of fibers 
(14). The electrode terminal (12) is elongated 
and adapted for orientation in a direction parallel 
to the tissue fibers (14). The device of the 
present invention further includes a power source 
(26) for electrically energizing the terminal such 
that the energizing of the terminal reduces the 
non-uniformity of me transmembrane voltage 
change in the tissue proximate me electrode 
which is produced during the stimulation pulse. 
Nonuniform transmembrane voltage changes are 
associated with airhythmic conditions, the 
linear electrode of the present invention can be 
used for cardiac pacing, defibrillation, and the 
termination of tachycardia. 
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LINE ELECTRODE ORIENTED 
RELATIVE TO fito ^ DIRECTION 

Background of tn* Invention 
L Field of thftinv^n 

5 The present invention relates generally to electrodes and, more particularly, 

to an electrode for delivering stimulation to the heart. 
It Description of the Prior Art 

Extracellular electrical stimulation is commonly used in cardiac pacing and 
anti-aiThythmic electrical therapy such as defibrillation and cardioversion. The 
10 prtx^s of extracellular electrical stimulation is thought to involve first the induced 
changes in transmembrane potentials during the stimulation pulse and then 
activation of transmembrane voltage dependent ion channels, e.g. sodium channels 
that conduct inwardly directed current; 

Effects of electrical stimulation of the heart, such as the production of an 
15 action potential, reentry, defibrillation, or cardioversion, are thought to result from 
changes in transmembrane ion channels, whose states depend on the transmembrane 
voltage produced during the stimulation. Currently, electrodes which are designed 
to produce a localized effect such as circular, point, and small electrodes which 
screw into the heart are commonly used to deliver stimulation pulses to the heart. 
20 The transmembrane voltage change produced by and during a stimulation 

pulse (A V m ) is thought to be responsible for the effects of stimulation by changing 
the states of transmembrane voltage-dependent ion channels that produce excitation 
or graded responses. The measurements have shown that AV m at sites away from 
a unipolar point stimulation electrode in anisotropic myocardium is nonuniform. 
25 reversing sign on the axis parallel to myocardial fibers and not reversing sign on 
the axis perpendicular to the fibers. This nonuniformity has been defined in 
measurements in which the AV^ has one sign (+ or -) near the electrode, while 
in regions away from the electrode, A V m has the opposite sign, if the region is 
parallel to myocardial fibers. It will not have opposite signs in regions 
30 perpendicular to myocardial fibers. 

The nonuniform A V m in the heart complicates effects of stimulation since 
" introduces spatial differences and possible interactions between oppositely 
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polarized regions which may h$ve different states of their transmembrane voltage- 
dependent ionic currents. This itonuniformiry is a disadvantage because it is 
believed that nonuniform AV m can influence and even cause arrhythmias of the 
heart. A further disadvantage of a unipolar point stimulation electrode is that a 
S small electrode, due to its small contact area, can produce high current density that 

can damage tissue locally. 

foftf p^rl ptton of ftfr fo*«it Invention 
The present invention provides an electrode for delivering a stimulation 
pulse to heart or other tissue which overcomes all of the above-mentioned 
10 disadvantages of previously known devices . 

In brief, the present invention comprises at least one elongated electrode 
terminal which is placed on the heart or other tissue. The electrode is adapted for 
orientation in a direction parallel to the fibers of the tissue. , 

The electrode terminal is attached to an electrical pulse generator, or some 
15 other means for electrically energizing the terminal, so that the energization of the 
terminal oriented in a direction parallel to the tissue fibers reduces the 
nonuniformity of the transmembrane voltage change in the tissue near the electrode 
which is produced during the stimulation pulse. 

ftprf Ttescrintfon ft f the Drawings 
20 A better understanding of the present invention will be had upon reference 

to the following detailed description, when read in conjunction with the 
accompanying drawings, wherein like reference characters refer to like parts 
throughout the several views, and in which: 

FIG. 1 is an environmental view of the device of the present invention; 
25 FIG. 2 is a view from the top of the electrode of the present invention; and 

FIG. 3 is a view from the side of the electrode of the present invention. 

Detailed DCT Ptfo" «* * Preferred 
fini hniliment ft f tfr P-fffr "* Invention 

With reference first to FIG. I, an environmental view illustrating a 
30 preferred embodiment of the device 10 of the present invention is there shown and 
comprises at least one elongated electrode terminal 12. the terminal 12 being 
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adapted for orientation in a direction parallel to the fibers 14 of the heart 16 or 
other tissue to be stimulated. Preferably, the electrode terminal 12 is long and thin, 
and made of a flexible, formable material which is capable of conducting a 
stimulation pulse to the heart 16 of other tissue. For applications pertaining to the 
S heart 16, the electrode terminal 12 of the present invention may be inserted into the 
myocardium or may be positioned to contact the epicardium or endocardium. In 
a preferred embodiment, the electro^ 12 is slightly flexible so as to 

conform b the surface of the ^i<^rtium or endocardium, or to conform to changes 
in myocardial size or shape during cpntrattion of the heart 16. 

10 As best shown in FIG. 2, the linear electrode 12 of the present invention 

can be made from a flat ribbon 18 of metallic material. The flat ribbon 18 is 
preformed so that when in place, the long axis of the electrode terminal 12 is 
parallel or approximately parallel to the myocardial fiber 14 direction of the 
myocardium adjacent to the electrode terminal 12. 

15 In order to maintain constant electrical contact between the heart 16 tissue 

and the linear electrode terminal 12 throughout the length of the electrode terminal 
12, the force per unit area normal to the heart 16 tissue must be constant. This can 
be accomplished in several ways. For example, as is shown in FIG. 2 t the width 
of the linear electrode 12 can be gradually tapered from one erid 1 1 to the other 13. 

20 Alternatively, as shown in FIG. 3, a nonconductive facing layer 20 can be adhered 
to one side of the linear electrode terminal 12, the stiffness of this facing layer 
decreasing from one end 11 of the electrode terminal 12 to the otter 13. Other 
means of maintaining a constant electrical contact between the linear electrode 12 
and the tissue can be used, as is known in the art. In areas where the width of the 

25 ribbon 18 is wider at one end 1 1 than at the other 13. a nonconductive coating (not 
shown) can be used to coat the edges of the wider end 1 1 so that the electrically 
active area of die electrode 12 contacting the heart 16 remains the same from one 
end 11 of the electrode 12 to the other 13. 

The linear electrode of the present invention can be attached in or on the 

30 heart 16 or other tissue by means of conventional attachment means such as sutures 
or surgical staples. Alternatively, as best shown in FIG. 3, one or more hooks or 
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tines 22 may protrude from one side of the linear electrode 12 in order to hold it 
in place. In order to facilitate insertion of the electrode, the hooks or tines can be 
coated with a smooth, biodegradable cap (not shown) which would prevent the tines 
22 from gripping tissue prior to insertion but would allow the tines 22 to grip the 
5 tissue once the electrode 12 was in place. In a preferred embodiment of the 
invention, the ends of the electrode terminal 12 have a greater resistance than the 
portion in between, so that the resistance near the ends of the terminal 12 increases 
gradually instead of increasing abruptly at the ends of the terminal 12. This will 
lessen nonunifortnities of trammembrane voltage changes at the ends of the 

10 terminal 12, and will lessen what has come to be known as "the edge effect" . 

As best shown in FIG. 1, the device of the present invention may be 
comprised of a plurality of linear electrodes 12 joined at one end to a lead assembly 
25 at the apex 24 of the heart 16. The lead assembly 25 is connected to an 
electrical pulse generator 26. A single lead assembly 25 may connect all electrodes 

15 12 to the electrical pulse generator, as is shown in FIG. L However, in an 
alternate embodiment (not shown) one or more lead assemblies 25 can be used to 
connect any one, pair, or combination of linear electrodes 12 to the pulse generator 
26. This type of joining method allows for many variations in electrical pulse 
application such as polarity, timing, mi/or waveform shape. As best shown in 

20 FIG. 2, if a plurality of linear electrodes 12 is utilized, each electrode 12 may be 
laterally positioned with respect to the adjacent electrode 12 by means of 
electrically insulated webbing or netting material 28 which will form a "sock" 
around the heart 16. This would also help to keep the plurality of electrodes 12 in 
place. 

25 From the foregoing, it can be seen that the present invention provides a 

novel means for producing a uniform direction of the transmembrane voltage 
change in a large region of tissue, either depolarization for cathodal extracellular 
stimulation or hyperpolarization for anodal extracellular stimulation. A further 
advantage of the present invention is that a linear electrode 12 will provide greater 

30 surface area and thus less current density and tissue damage near the electrode 12 
due to current density. Unlike previously known circular or point electrode 
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terminals, the present invention of an electrode terminal 12 in or around the heart 
16 parallel with the fiber 14 direction produces an effect in recovered or relatively 
refractory tissue that is more controlled or more predictable than previously known 
electrodes. The linear electrode terminal 12 of the present invention may be used 

5 in heart applications for cardiac pacing, defibrillation, and the termination of 
ventricular tachycardia, as well as with an atrial stimulation scheme including 
pacing or the termination of atrial fibrillation^ flutter, or tachycardia. The present 
invention may also be used to stimuta^ all other biological tissues made up of a 
linear array of fitfets arid which art capable of beihg affected by electrical 

10 stimulation, such as neural and musculo sdmutattoh. 

Having described my invention, however, many modifications thereto will 
become apparent to those skilled in the art to which it pertains without deviation 
from the spirit of the invention as defined by the scope of the appended claims. 
I claim: 
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1 1 . A device for delivering a stimulation pulse to an elongated fiber 

2 forming a tissue of a patient v said device comprising: 

3 at least one etongat^ electrode terminal having a first end and a second 

4 end, and a portion ttewte^e^n, 

5 said tern^ ad^i^ for orien^ in a direction pa^llel to said fiber of 

6 said tissue which is adjacent to said terminal from said first ewi to said second end 

7 pfsaidtenmiiai, ^idelect^ 

8 layer attached to one side of said terminal, sa$ j0 r P^^?^ of a ^teri^l 

9 of decreasing stiffness from said first end to said second end of said terminal, and 



10 means for electrically energizing said terminal, whereby the energization of 

1 1 said terminal reduces the nonuniformity of the transmembrane voltage change in 

12 the tissue proximate said electrode produced during said stimulation pulse. 

1 2. The invention as defined in claim 1 wherein said electrode terminal 

2 is uninsulated. 

1 3. The invention as defined in claim 1 wherein said electrode terminal 

2 is flexible. 

1 4. The invention as defined in claim 1 wherein said first and second 

2 ends of said terminal have a greater resistance than said portion therebetween. 

1 5. The invention as defined in claim 1 wherein said electrode terminal 

2 is flat. 

1 6. The invention as defined in claim 1 wherein said electrode terminal 

2 is preformed so as to lie parallel to said fiber of said tissue which is adjacent to said 

3 terminal. 
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1 7. The invention as defined in claim 5 wherein said electrode terminal 

2 tapers from said first end to said second end of said terminal. 

3 8. The invention as defined in claim 1 wherein said electrode terminal 

4 further comprises at least one tine protruding outwardly from said electrode. 

1 9. The invention as defined in claim 1 and further comprising at least 

2 two electrodes laterally interconnected with insulated webbing therebetween. 

1 10. A method for delivering a stimulation pulse to an elongated fiber 

2 forming a tissue of a patient, said method comprising the steps of: 

3 providing ah elongated electrode terminal, said terminal having a first end 

4 and a second end, and a portion therebetween, 

5 orienting sakl terminal in a direction parallel to said fiber which is adjacent 

6 to said electrode terminal from said first end to said second end of said terminal, 

7 electrically energizing said terminal, whereby the energization of said 

8 terminal reduces the nonuniformity of the transmembrane voltage change in the 

9 tissue proximate said electrode produced during said stimulation pulse. 

1 .11. A device for delivering a stimulation pulse to a plurality of elongated 

2 tissue fibers, said device comprising: 

3 a plurality of nontransvenous elongated electrode terminals, each electrode 

4 terminal having a first end and a second end, and a portion therebetween; 

5 each of said electrode terminals being independently positionable with 

6 respect to each other, each electrode preformed so as to lie substantially parallel to 

7 one of said elongated tissue fibers which is adjacent to said electrode from said first 

8 end to said second end of said terminal; 

9 means for electrically energizing said terminals, whereby the energization 

10 of each said terminal reduces the nonuniformity of the transmembrane voltage 
i I change in the tissue to which the terminal is applied proximate said electrode 
12 terminals produced during said stimulation pulse. 
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1 12. A method for delivering a stimulation pulse to an elongated tissue 

2 fiber, said method comprising the steps of: 

3 providing a plurality of elongated electrode terminals, each of said terminals 

4 having a first end and a second end t and a portion therebetween, said electrode 

5 terminals being 

6 orienting at least one said decti^ iti a direction parallel to one 

7 of said elongated tissue fibers which is adjacent to said electrode terminal from said 

8 first end to said second end of said terminal, ' 

9 electrically energizing said terminals, whereby the energization of each said 

10 terminal reduces the nonuniformity of the transmembrane voltage change in the 

1 1 tissue proximate to said electrode terminal produced during said stimulation pulse. 



INTERNATIONAL SEARCH REPORT 



international application No 
PCTYUS97/16382 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :A61N 1/00 

US CL :«7/I19. 12?, 130 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 607/129, 119, 116, 1*0; 128/642 



Documentation searched other than minimum oocumenUtiort to the extent that such documents are included in the fields searched 



electronic data base consulted during the international search (name of data base arid, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim Mb. 



5,439,485 A (MAR et al) 08 August 1995, entire document. 



US 5, 360,442 A (DAHL et al) 01 November 1994, entire 
document. 

US 4,628,937 A (HESS et al) 16 December 1986, entire 
document. 



11 

1-12 
1-12 

1-12 



I I Further documents are listed in the continuation of Box C. [~J See patent family annex. 



Spacial catef driea of cited rtnriamoar 

A* (to rum <y tf defining tfag goaeyalttMg of the art which m not considered 

ia be 6f paitScufatr refevcace 

E* aariicr B Onwnf pwbfrhod Oa or afW the auernauonal fdm« date 

1* document which may arav doubt* da priority ebun<t) or which w 

c*ai to eetab&h the pibbcatioo date of aoocber cttatioa or other 
tbecial vemOA (m tpodrwd) 

0* do n i mnu refcrriof to in oral daMHowft. twe, exhibition or other 

P* document pubTubed prior to tbe attearnaoVta^fUinj d«ie but Uter than 
the priority date claimed 



tarter document pubUthed after the miernatidnaj fitiof date or priority 
date and not in conflict wim the application but eked to understand the 
ptbc'tplc or theory undcrtyihe the invention 

document of particular relevance; the claimed invention cuutot be 
coojiderod novel or cannot be considered to involve an mvehlive step 
when the document » taken alone 

document of particular relevance; the claimed invention cannot be 
coojidemd to involve an inventive ttep when the document ta 
combined with one or more other tuch document!, such combination 
bemff obvidui to • pcrtoo akilled in the art 

document member of tbe aame patent family 



Date of the actual completion of the international search 
09 OCTOBER 1997 



Date of mailing of the international search report 

J I tiOV 191?, 



Name and mailing address of the ISA7US 
Commiwiorvsr of Pateou irtd Trade ma rici 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703 ) 305-3 230 



Form PCT/ISA/210 (second sheecUfutv I992W 




AuVno>i2edr^f^c\^ 
DAVlS RUDDY 
elephonc No. (703) 308-3595 



WO 98/11939 



PCT/US97/K5382 



1/1 




